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TECHIUCAL NOTE NO. 1272 


INTERFERENCE OF WING .AND FUSELAGE PROM TESTS 
OF 30 COMBINATIONS WITH TRIiWULAR AJD 
ELLIPTICAL FUSELAGES IN TEE NACA 
VAEIABLE-DSIMSITY TUNNEL^ 

By Albert Sherxaan 


SUMMARY 


Teste of 12 wing-fuselage combinations employing triangiilar and 
lo employing elliptical fuselages were made in the NACA variable-density 
tunnel as a part of a program to investigate at large values of Reynolds 
number the aerodynamic effects of wing-fuselage interference. This 
program is outlined in NACA Report No. 540, which contains the test 
results for 209 combinations, 202 with round and 7 with rectangular 
fuselages, comprising the basic part of the wing-fuselage interference 
Investigation. 


The parameters of combination for the triangular and elliptical 
fuselages covered in the investigation were: vei-tical position of the 

wing with respect to the fuselage axis^ wing shape j and wing-fuselage 
juncture shape. The results bear out the general conclusions advanced 
in the discussion in NACA» Report No. 540 and provide data concerning 
the wing-fuselage interference of fuselages of triangular and ellip- 
tical cross sections. 


INTRODUCTION 


An extensive program of investigation of the interference between 
wing and fuselage was undertaken at the Langley Memorial Aeronautical 
Laboratory as part of a general investigation designed to cover the 
problem of aerodynamic interference. This program is outlined in ref- 
erence 1, which presents the initial and basic part of the wing-fuselage 
interference investigation and contains test results for 209 combina- 
tions, 202 with round and 7 vriLth rectangular fu.selages . The discussion 
therein is fundamental in nature and may be used in the general inter- 
pretation of the interference effects of wing-fuselage combinations. 


^This report is a revised version of a paper that was originally issued 
in conflde.ntlal form in June 1937. 
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A continuation of the investigation is treated in reference 2 
comprising comhinations numbered 210 to 237, of vhich 20 have 
rectangular fuselages and 8 have roimd. The tests of reference 2 
practically completed the study of cembinations with a rectangular 
fuseJ.age and continued the study of comhinations with a round fuselage . 

The principal object of this report is to present the test 
results for combinations numbered 238 to 267 ’ 12 combinations with 

triangular fuselages and I8 with elliptical. The various combinations 
were chosen to cover generally the interference between wing and 
fuseD.age for triangular and elliptical fuselages as affected by the 
more important of the parameters of combination. 


MCDEI.S /\KD T2ST3 


The models were formed of the triangular and elliptical fuselages 
sho^-m in figuxe 1 and the wing models described in reference 1, 
namely, the rectangular 5- by 30-inch NACA 0012 and h4l2 airfoils and 
the NACA 0018-09 airfoil of 2:1 taper ratio. The two fuselages had 
the same nose shape, length, maximum cross-sectional area, and longi- 
tudinal distribution of cross-sectional area as the rovind fuselage 
of reference 1. 

The models were of duralumin, except for the brass cowled engine 
(descj/.Vbed in reference 1) and. for the Junctures and fillets, which 
were carefully formed of plaster of paris as required. They differed 
from the combination models described in references 1 and 2 in that 
the fuselages, Jrmctujres, and fillets were in each instance finished 
with a rubbed and polished varnished s\irf ace . Comparison tests of 
combinations both with the old smooth plaster siu'faces and sub- 
sequently with the new polished varnished siirfaces indicated that the 
effects upon the measured aerodynamic characteristics are well within 
the experimental accur’acy except when flow conditions are critical. 

That is to say, tiie early flow brealrdoim at the Junctures associated 
with critical combinations could be somewhat delayed by the Improved 
finish. Comparisons, therefore, betireen combinations in this report 
and those in references 1 and 2 (such as sho^.n in figs. 7 to 9) 
should be made with this fact in mind. 

The tests comprised the following: 12 combinations of the 
triangular fuselage with the rectangular NACA 0012 airfoil, both without 
and with fillets, in variouis vertical positions for both the fuselage 
erect (apex up) and Inverted conditions, and 18 combinations of the 
elliptical fuselage witli different wings, both without and with fillets, 
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for the major axis of the section "both erect and horizontal, for 
various vortical positions of the ving, and ■^•d.th a covied engine at 
the fuselage nose, (See table III and figs. 11 to lb.) The only ving 
fore-anc!-aft position considered was with the ^ring quarter-chord point 
at the fuselage "quarter" point. Zero wing incidence only was employed. 

These tests were performed in the NACA variable -density tvnnel 
(reference 3) at a test Seynolds number of approximately 3,100,000 
(effective "R = 3.200,000). (See reference 1.) In addition, values of 
maximtun lift were obtained at a test Eeynolds number of appi’oximately 
1,400,000 (effective E = 3,700,000) . The testing procedure ana test 
precision, which are very much the saiae as for an airfoil, are fully 
described in reference 1. As mentioned, in reference 2, however, since 
the tests of reference 1 were made, a sma.?,! add.itlonal correction of 
loss than -1 percent has been applied to the measurement of the djmamic 
pressure q to improve the precision of the results . 


PlSITuTS 


The test data are given in -’che same ivianner as those of reference 1, 
in which the methods of analysis end of presentation of the results are 
fully discussed. As in the preceding reports of this series, the test 
results are given in tables supplemented by figures. Table I, taken 
from reference 1, contains the characteristics of the wings alone. 

Table II, which is a continuation of table III in reference 2, presents 
the sums of the fuselage characteristics and. the interferences at 
various angles of attack for each of the combinations tested. The 
characteristics of the combinations can be determined by adding corre- 
sponding items in tables I and II . 

Table II of reference 1, '[•diich presents the aerodynamic charac- 
teristics of the fuselages alone, is not continued herein because 
such data for the triangular and elliptical fuselages were not obtained. 
Table IV of reference 1, which presents data for disconnected combi- 
nations, is like^rise not continued since no additional combinations 
of this type wore investigated. 

Tab.lo III, which is a contin”.ation of table 7 in reference 2, 
contains the profile diagrams, the combination descriptions, and the 
principal aerodynamic characteristics of the combinations. Tlie values 
d/c and k/c represent the longitudinal and vertical displacements, 
respectively, of the wing quarter-chord axis measitred (in mean uring- 
chord lengths) posltiTe ahead of and above the quarter-chord point of 
the fuselage. The last nine columns of table III present important 
chai’acterlstics as standard nondimens ional coefficients based on the 
original wing areas of IpO square inches. Sjmbols used in the 
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tables are defined as follows: 
A 


a 


CD. 


'min 


aspect ratio 

lift-cxurve slope (in degree measure) as detenained in low- 
coefficient range for an effective aspect ratio of 6.86 
(This value of the aspect ratio differs from the actual 
value of the models 'because the lift rosul.ts arc not 
otherwise corrected for tunnel-wall interference.) 

Oswald's airplane or span efficiency factor (see reference l) 

minimum effective profile -drag coefficient 


Ct . 
•“'opt 


n. 




"it 


•’dnas; 


■ rtA 


/rain 


optimum lift coefficient, that is, lift coefficient 
corresponding to C;f) 


"mm. 


aerodynamic-center position indicating approximate location 
of aerodynamic center aliead of wing quarter-chord axis 
as fraction of mean v^_ng chord (Ni'merically, n^ equals 

do. 


at zero lift) 


pitching-moment coefficient at zero lift a'bout wing quarter” 
chord axis 

lift coefficient at interference hurhle, that is, value 

of lift coefficient "beyond which e.ir flow lias a tendency 
to "break do\jn as indicated "by abnormal increase in drag 

maximrm lift coefficient given for two different values of 
effective 'Reynolds number (see reference 1) 


a angle of attack, degrees 

The turbulence factor employed in this report to obtain the 
effective .Reynolds number from the test Reynolds mimber is 2.6k. As 
in reference 2, the values of the effective Reynolds number differ 
somewhat from those given in i-eference 1 because of a more accurate 
determination of the turbuilence factor for the tunnel. The values of 
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the effective Reynolds numbers given in reference 1 are, therefore, 
subject to correction by a factor of 1.1. 

Figures 2 to 10 present the polar characteristics of practically 
all of the combinations investigated. In some instances, tliose of 
several combinations talcen from references 1 and 2 are also shown 
for comparison. These figures show tlie effects of the vai’ious 
parameters of combination: vertical wing position, fillets, wing 

shape, and fuselage shape. 

Many of the combinations tested showed more than one lift-curve 

peak. Altliough the Cp polars cannot show these interesting 

o 

portions because of the very hi£^i values of the associated drags, 
the chai'acter of these lift peaks can be interpi’eted from the 
pitching-moment ciurves . 

DISCUDSION 


The mechanism of the interference of a fiiselage when in combi- 
nation with a Trf.ng is discussed in reference 1, and all the test 
results of the present investigation are in accord with the general- 
isations given therein. 

C ombinations wd.th erect triangul.ar fiiselage .- The triangular 
fuselage was combined only with tlie rectangular NACA 0012 airfoil, a 
wing whose sensitivity to flow conditions renders it eminently 
suitable to indicate aerodynamic interference. In figure 2 are 
shown the polars for the erect triangular-fuselage combinations, 
with the wing in different typical vertical positions, both without 
and with ordinary tapered fillets. Changing the vertical position 
has a marked effect, botli the minimm drag and the maximum lift in- 
creasing as the \rlng is moved upward with respect to the ftiselage. 
(Soe table III.) Adding fillets causes a small decrease in the 
minimum drag of only the midwing combination and has also a small 
effect on the maximum lift, decreasingly beneficial as the wing 
position is raised. 

Combinations vd.th inverted trianpular fuselag e.- When the 
fuselage is inverted (fig. 3 ), the minimum drag' md maximum lift both 
increase as the wing is moved do^m't'rard with respect to the fuselage. 
(See table IH.) The effect on the maximum lift of adding fillets 
is of the same nature as for the combinations wltli the erect fuse- 
lage but, with respect to the maximum lift, is greater in magnitude. 
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In all these instances, for either the erect or inverted 
triangular fviselagea, it appears that the mximtuii lift is affected 
more hy the amount of ving leading edge exposed than hy ■whether 'the 
combination is high wing or low wing. This conclusion is not to 
be considered general. Were the tapered WACA 0018-09 wing used instead, 
it is quite possible that the effect of vertical position upon the 
maximum lift •would be opposite to "that for the rectangiilar NACA 0012 air 
foil. (See reference 1.) 

Combinations with erect elli'ptical fuselage .- The effects of 
changing the vertical position of the wing relative to the elliptical 
fuselage axis as shown in figixre h are easily predictable from the 
results of reference 1. The Interference btirble occurs earlier as 
the ■wing position is moved do^vai^ward. The midwing combination (with 
the rectangular mCA 0012 airfoil) has the lowest drag and maximum 
lift. The high-wing combination has the highest maximum lift. 

Results obtained in connection with the program of investigation 
of wing-fuselage interference have proved that the iise of special 
fillets may entirely eliminate the interference bvirble . Hence, any 
discussion of this flow breakdown is to be considered only for what 
light it sheds upon the mechanism of aerodynamic interference. In 
the evaluation, -therefore, of the relative desirability of the various 
combinations, too much consideration should not be given to the 
interference bm-ble and its effect on ■the maximvuu lift. 

Ordinary tapered fillets on the midwing combination are loio-vm 
to be ineffective from the resuilts of reference 1 and hence were not 
investigated. When added to the high-wing combination, -the fillets 
have very little effect buit, for the low-wing combination, they 
delay the onset of the interfei-’ence b^urble to maximum lift and 
considerably increase the maxiuium lift (fig. table III) . The same 
combinations with the tapered MCA 0018-09 wing substituted for the 
rectangifLar MCA 0012 airfoil display interference effects (table III) 
identical with those for the corresponding combinations with the rovmd 
fuselage (combinations 185, I86, I87, 230, 23I, of i-eferences 
1 and 2) ; Fillets have little effect on the midwing or hi^--wing 
combinations for which values of maximuia lift are high and nearly 
equal, but for the low-wing combination they delay the early inter- 
ference b\)rble and raise the maximum lift to the nei^borhood of the 
others . 

Different wing shapes combined with the elliptical fuselage 
in t^he mid^wing position show the interference effects that would 
be predicted (fig. 6). The cambered section and the thick symmetrical 
sections of the tapered ■^•ri.ng are less sensitive to the presence of 
the fuselage than the moderately thick symmetrical MCA 0012 airfoil 
section. 
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A cowlod radial englns at the nose has similar effects on the 
aerodynamic characteristics of hoth the elliptical-fuselage combi- 
nation and the corresponding round-fuselage combination (fig. 7) • 

The drag increment duo to the cowled engine is, however, decidedly 
greater for the elliptical -fuselage combination, the added dr’ag 
probably being caused by the poorer cowling shape produced by the 
elliptical fuselage . 

jResui.ts also are given in table III, as a matter of interest, 
for a midwing elliptical -fuselage combination witii the tapered wing 
having added a 0 .20c split flap deflected 5o° (combination 259 ) * 

C ombinations wit h h orizontal elli-ptical fi.iselago .- In very large 
airplanes the requla-ed fuselage depth may become a small dimension as 
compared, ^dth the other d.imensions . The elliptical fu.selage with its 
sectional major axis horizontal serves to simulate such a condition, 
hhen combined with the rectangular KACA 0012 airfoil in the midwing 
position, the horizontally’ disposed elliptical fuselage exhibits 
approximately the same effects as the I’ound fuselage (table III, ref- 
erence 1) . The addition of fillets has a beneficial effect iipon the 
occurrence of the interference burble and the value of maximum lift. 

(See fig. 10.) The substitution of the tapered NAOA 0018-09 wing 
results in a combination having improved characteristics. Enlarging 
the fillets to very large sizes slight].y increases hoth the lift and 
drag, as would ho e:qpected. 

Effect of fuselae:e shape .- In figiires 3 and 9 are stimmarlzed. the 
effects of fuselage shape for the six different fuselages investigated 
combj.n©d with the sensitive rectangular NAOA 0012 airfoil. 'Hie two 
types of wing-fuselage combination, midwing and low wing, that show 
markedly’’ the effects of the presence of the fu.selage, are used for 
Illustration . 

Hne mid’^ri.ng combinations have approximately the same values of 
minimum drag, that for the round-fuselage combination being the lowest 
by a slight amount. The combinations with the round and the inverted 
triangular fuselages show the earliest interference burbles, and. those 
■I'd.th the rectangular and the erect trlangiular fuselages show the latest. 
The values of maximum lift, however, are approximately the same for 
the combinations with the round, elliptical, and inverted triangular 
fii.selages (table III) and are lower than for the ei’ect triangular- 
fuselage and rectangular-fuselage combinations . 

Hie low-wing combinations (fig. 9) have also approximately the 
same values of minlmi’m dnag, that for the erect triangulai'-fuselage 
combination being the lowest by a slight amount. The interference 
burbles are not so sharqply defined as for the midwing combinations 
and are spread, for the different combinations, over a wid.er range of 
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lift coefficient. The rectangifLar fuselage etill ehovs the latest 
occurrence of tlae hurhle . 


COWCLiroiTTG KEiliARKB 


The Tuain valu.e of the subject report is in the data it makes 
available for vd-ng-fuselage combinations \rith the triangi.ilar anO. 
elliptical fuselage shapes. Very little in the i^ay of new con- 
clusions of a general natiure arc 6.educible . Previous to this investi” 
gation, the occurrence of more than one lift-cujcve peak iras not brou^t 
out, but since has been studied in greater detail through the use of 
improved balances. The multiple peaks occur when only a portion of the 
lifting system definitely stalls at a nonaally high lift coefficient, 
the rest of the system stalling some time l.ater. This characteristic 
sliows on the figures in the curves of pitching moment. The ^rag r.rves 
are usuaily not extended to sufficiently high values to encompass more 
than one peak. One fairly important concli’jsion reached during the 
course of testing in this investigation, although not iirastrated in 
the present results, is the importance of unusually smootla surfaces 
at the junctures of critical combinations as regards the stalling . 

Tnis conclusion 'v?aB to be ezcpectec', however, from the results of air~ 
foil tests alone . 


Langley Memorial Aeronautical Laboratory 

National Advisoi’y Corami. ttee for Aaronau.tics 
LangD.ey Field, Va., October 16, 19^6 


P.EFERSWCES 


1. Jacobs, Eastman W., and Ward, ICemieth E.: Interference of Wing 

and Fuselage from Tests of 209 Combinations in the N.A.C.A. 
Variable -Density Ti-uinel. WACA Eep. Wo. f40, 1935* 

2. Sherman, Albert; Interference of Wing and Fuselage from Tests 

of 28 Combinations in the W.A-.C.A. Variable-Density Tunnel. 
WACADep. Wo. 575, 1936. 

3. Jacobs, Eastman N., and Abbott, Ira H.; Hie W.A.C.A. Variable- 

Densitj' Wind Turuiel. WACA Eep. Wo. 4l6, 1932. 


TABLE I . - AIRFOIL CEARACTERISTICS 
[Taken from reference ij 


Airfoil 

"l 


\/k 

^L 


c 

®c /4 

“l 

% 

Cm /, 
c /4 


a = 0 ° 

a = 40 

a = 12 ° 

Rectangular ILACA 0012 

0.000 

O.OOoO 

0.000 

0.307 

0.0087 

0.003 

0.920 

0.0150 

0.004 

Tapered. MCA OOI8-09 

.000 

.0093 

.000 

.305 

.0099 

.006 

.910 

.0146 

.013 


' a = - 4 ° 

a = 0° 

pO 

a = 0 

Rectangular ILACA 44 l 2 

-0 .006 

0.0097 

-0.089 

0.298 

0 .0095 

-0.087 

0.899 

0.0136 

- 0.084 
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TABLE II 

LIFT AJro IIITEEFEiaaTCE, URAG AND INTERFERENCE, AND PITCHING MOMENT 
AND INTERFERENCE OF FTKEL.AGE IN WING-FUSELAGE COMBINATIONS 
[Continuation of tatle III in reference 2] 


Combi- 

nation 

^L 

“i>. 

“c/4 

^L 


“c/4 

^L 


“c/4 


a = 0° 

0 = 4° 

9 

II 

0 

238 

0.005 

0 .0047 

0.004 

0.019 

0.0054 

0.012 

0.028 

0 .0075 

0.024 

239 

.030 

.0044 

.001 

.053 

.0048 

.006 

.068 

.0076 

.012 

240 

.008 

.0041 

.002 

.029 

.0048 

.010 

.067 

.0065 

.018 

241 

.004 

.0036 

.000 

.029 

.0042 

.007 

.071 

•0053 

.018 

242 

.008 

.0038 

-.002 

.029 

.0041 

.008 

.054 

.0059 

.017 

243 

-.003 

.0037 

.001 

.021 

.0042 

.006 

.066 

.0052 

.012 

244 

-.008 

.0038 

.002 

.013 

.004l 

.012 

.036 

.0047 

.027 

245 

.00^ 

.0037 

-.001 

.021 

.0041 

.008 

.056 

.0051 

.019 

246 

-.008 

.004l 

-.002 

.009 

.0045 

.006 

.026 

.0059 

.021 

247 

-.004 

.0036 

.000 

.010 

.004l 

.007 

.045 

.0049 

.019 

248 

-.005 

.0047 

-.oo 4 

-.005 

.0052 

.002 

-.042 

.0129 

.010 

249 

-.030 

.0044 

-.001 

-.018 

.0049 

.004 

-.009 

.0064 

.005 

250 

-.015 

.0043 

.005 

-.010 

.0050 

.009 

.003 

.0060 

.018 

251 

.020 

.0047 

.000 

.031 

.0054 

.000 

•055 

.0066 

.002 

252 

.009 

.0038 

-.001 

.025 

.0043 

.002 

.047 

.0048 

.006 

253 

.015 

.0043 

-.005 

.031 

.0051 

-.001 

-.020 

.0245 

-.007 

254 

-.020 

.0047 

.000 

.003 

.0049 

- 003 

.023 

.0056 

-.008 

255 

-.028 

.0037 

.009 

-.023 

.0040 

.011 

-•018 

•0053 

•019 

256 

.001 

.0038 

-.001 

.012 

.0043 

-.001 

.025 

.0070 

.002 

257 

.010 

.0031 

-.002 

.023 

.0032 

.000 

•045 

.0047 

.005 

258 

.020 

.0029 

-.001 

.034 

.0031 

-.001 

.062 

.0044 

.002 

259 

‘973 

.1264 

-.200 

.976 

.1261 

-.211 

.965 

.1289 

-.220 

260 

.028 

•0037 

-.009 

.035 

.0045 

-.007 

.022 

■0079 

-.006 

261 

-.001 

.0038 

.001 

.015 

.0042 

.003 

.015 

.0058 

-.002 


1 

0 

1 

It 

6 

' 

a » 0® 


a = 8° 


262 

-0 .017 

0.0044 

-0 .011 

0.002 

0 .0041 

-0.002 

0.031 

0 0042 

0-000 


a = 0° 

» 0 

a = 4 

a « 12^ 

263 

0.006 

0.0071 

-0.001 

0.028 

0.0082 

0.008 

0.064 

0 .0155 

0.015 

264 

.009 

.0038 

.000 

.030 

.0038 

.009 

.067 

.0051 

.023 

265 

.004 

.0038 

.000 

.031 

.0039 

.006 

.083 

.0047 

.015 

266 

.027 

.0019 

-.003 

.047 

.0019 

.005 

.083 

.0038 

.019 

267 

.020 

.0027 

-.006 

.051 

.0029 

.005 

.103 

.0053 

.020 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


NACA TN No. 1272 


11 


TABLE III.- PRINCIPAL AERODINAMIC CBARACIERISTICS OF WING -FIBKLA£3S COMBIHATIOKS 
[Contlnxiatlon of table 7 in rofei’ence 2^ 


Dlagrame 

representing 

coobinations 


CCBI- 


Longi- 

Verti- 

Angle 

Llft- 

Span 



Aero- 


Uft co- 

bln- 

Remarks 

tudinal 

cal 

of 

curre 

effi- 


Cl 

dynamic 

c. 

efficient 

atlco 


posi- 

tion, 

d/c 

posi- 

tion, 

k/c 

wing 

set- 

ting, 

Iv 

(deg) 

slope 

(per 

degree ) , 
(A^. 86 ) 

ciency 
factor , 

e 

e 

ndn 

^opt 

-center 

posi- 

tion, 

“0 

“0 

at Inter- 

ference 

burble, 

%b 

U) 


TO ect- 
ire R-- 
8.2X10° 


L 


Effect - 
Ire R», 

3.7x10° 


Rectangular NACA 0012 airfoil with erect triangular fuselage 


Wing alone 


0.85 


0.0080 


^.5 


°1.5^» 


'"1-39 


«1.56 


with tapered fillets 


5.85 




IT:) 


5.85 


h.3 


1.35 




with tapered fillets 


5.85 


l-3f* 


5.85 


•037 


®1.25 


*^.2U 


c; 


~T3 


2U3 With tapered fillets 0 


.85 .0117 00 


“ 1.34 


^1.26 


Rectangular NACA 0012 airfoil with Inyerted triangular fuselage 


0.85 


0 . 0 ; 


®0.9 


*^1.27 


*^1.21 


ci: 


2 U 5 


with tapered fillets 


.85 


1.25 




,»S 


.032 




247 


With 'tapered fillets 


.080 


5 ..^ 


.029 


^•3 


“1.38 


°1.34 


5.80 


°^.l 


=l.Ul 


'I -33 


2 U 9 with tapered fillets 0 


-.35 


•079 4.85 .0124 -.04 


»1.1 


^ 1.61 


Rectangular NACA 0012 airfoil with erect elliptical fuselage 


0.38 


0.078 


5.85 


0.020 0.005 


^.5 


*1.54 


°1.34 


With tapered fillets 


5.85 


.0128 


=1.45 




4c85 


.019 


253 


-.38 


.079 


5 .^ 


^ 1.38 


'^ 1.54 


254 


With tapered fillets 


-.38 


.081 


5-85 


.0128 


°Ai.6 


°1.62 


°1.51 
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EABLB in . - PRINCIPAL AERCHYHAMIC CEARAWERISTICS OF WI»G-nBKLACZ CCMBTHATrOHS - CONCLDIBD 


Diagrams 

ropresentlng 

combinations 

Com- 

bin- 

ation 

Remsrks 

Lon^- 

♦aiSiru^l 

poel- 

Verti- 

cal 

poai- 

Angle 

of 

wing 
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Rectangular NACA QCiZ airfoil with erect elliptical fuselage 
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Rectangular NACA 0012 airfoil with horizontal elliptical fuselage 
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Otters refer to types of drag curves associated with the interference burble as follcws: 
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Otters refer to condition at aazl n m m lift as follows: reasonably steady at Cr : 
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FUBEIAGE ORDINATES 


^All dimensions in inches^ 
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NACA TN No. 1272 Fig. 


Fig. 2 


NACA TN No. 1272 



Figure 2.- Characteristics for various vertical wing positions. 
Rectangular NACA 0012 airfoil and erect triangular fuselage, 
both without and with fillets. 


NACA TN No. 1272 


Fig. 3 



Figure 3.- Characteristics for various vertical wing positions. 
Rectangular NACA 0012 airfoil and inverted triangular 
fuselage, both without and with fillets. 


Fig. 4 


NACA TN No. 1272 



Figure 4.- Characteristics for various vertical wing positions. 
Rectangular NACA 0012 airfoil and erect elliptical fuselage. 


NACA TN No. 1272 


Fig. 5 



Figure 5.- Effect of normal tapered fillets on the characteristics 
of combinations with the erect elliptical fuselage. Rectangular 
NACA 0012 airfoil. 


Fig. 6 


NACA TN No, 1272 



Figiire 6.- Characteristics for various wing shapes. Erect 
elliptical fuselage, midwing position. 
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Fig. 7 
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Figure 7. - Effects of adding a cowled engine and fillets upon 
the characteristics of a combination with the erect 
elliptical fuselage. Midwing position. 



Fig. 8 


NACA TN No. 1272 



Figure 8.- Characteristics for various fuselage shapes. 
Rectangular NACA 0012 airfoil. Midwing position. 


NACA TN No. 1272 


Fig. 9 



Figure 9.- Characteristics for various fuselage shapes. 
Ftectangular NACA 0012 airfoil. Low-wing position. 
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NACA TN No. 1272 



Figure 10.- Characteristics for various combinations with 
the horizontal elliptical fuselage. 
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Figs. 11,12 



Figure 11.- Combination 239 (combination 249 inverted). 





Figure 12.- Combination 243 (combination 245 inverted). 
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Figs. 13,14 



Figure 13.- Combination 254 (combination 251 inverted). 



Figure 14.- Combination 261 (combination 256 inverted). 





NACA TN No. 1272 


Figs. 15,16 



Figure 16.- Combination 267. 
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